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Outline:
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• Future requirements 

• Modifications 1st � 2nd MTCA.4 Modules

• MTCA.4 boost through Helmholtz Validation Fund
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2Status at LLRF2011 conference:
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3Work accomplished 2011-2013

> System overview
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4Work accomplished 2011-2013

> System overview
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5Work accomplished 2011-2013: XFEL LLRF System

KLYSTRON

CM1 CM2 CM3 CM4

LLRF  slave

BEAM

LLRF  master

Talk: 
J. Branlard

< 28U Rack

• MTCA.4 incl. complete sweet: LLRF/Diag./ Interlocks/HOM

Challenges:

• Total: 27 RF station / 800 cavities / >3000 RF sign als

• Stability requirements  < 0.01% & 0.01deg 
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6Work accomplished 2011-2013: FLASH

> Infrastructure for new LLRF system installed

> XFEL style LLRF system commissioned

> Software Automation (mainly on VME-system): 

� Finite State Machine 

� Quench detection and interlocking

� Automatic Piezo Tuning

� Parameter optimization

� High beam load operation

� Integration / Improvement Beam Based Feedback

� Large data acquisition system (DAQ)

> Migration to new system ongoing

> Effects due to radiation (SEU)

Talk:  V. Ayvazyan
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7

δi=∆E/E0

s i

Vacc

Energy chirp + energy dependent path length                                                          

s/c

Accelerator

~ 0.1…1.0%

~ 10 … 1 ps

~ 100…10 fs

σE,s ~0.01…0.001%

Sharing process

Tolerances on RF stability: … what will be required?

sf

δf
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8Tolerances on RF stability: … what will be required?

> Impacts the peak current / longitudinal beam profile

> Arrival time jitter:
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9Tolerances on RF stability: … what will be required?

> Impacts the peak current / longitudinal beam profile

> Arrival time jitter:

Amplitude

If E0 << E1 and E0‘<< E1‘ 
6…3.5 ..4

Tolerance ∝ Compression Phase & arrival
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10Tolerances on RF stability: … what will be required?

> Impacts the peak current / longitudinal beam profile

> Arrival time jitter:

Example: C=100, dI/I<10% ⇒ φ≈0.014° and dV/V ≈ 2.5e-4 
⇒⇒⇒⇒ multi-staged compression , but this adds cost

Amplitude

If E0 << E1 and E0‘<< E1‘ 
6…3.5 ..4

Tolerance ∝ Compression Phase & arrival
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11Tolerances on RF stability: … what will be required?

> Impacts the peak current / longitudinal beam profile

> Arrival time jitter:

Example: C=100, dI/I<10% ⇒ φ≈0.014° and dV/V ≈ 2.5e-4 
⇒⇒⇒⇒ multi-staged compression , but this adds cost

Amplitude

If E0 << E1 and E0‘<< E1‘ 
6…3.5 ..4

Tolerance ∝ Compression Phase & arrival

Amplitude Phase ArrivalArrivalArrivalArrival
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12Tolerances on RF stability: … what will be required?

> Impacts the peak current / longitudinal beam profile

> Arrival time jitter:

Example: C=100, dI/I<10% ⇒ φ≈0.014° and dV/V ≈ 2.5e-4 
⇒⇒⇒⇒ multi-staged compression , but this adds cost

Amplitude

If E0 << E1 and E0‘<< E1‘ 
6…3.5 ..4

Tolerance ∝ Compression Phase & arrival

Amplitude Phase ArrivalArrivalArrivalArrival

E.g.:10fs, C>>1,R56~0.10m
⇒ φ≈0.005° L-band
⇒ dV/V ≈ 3e-5 
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13Tolerances on RF stability: … what will be required?

> Impacts the peak current / longitudinal beam profile

> Arrival time jitter:

> Evolution: 1990 Colliders 1° &        1%  for phase / voltage
2000 FEL early          0.1° &     0.1%
2010 FEL now 0.01° &   0.01%
2020 FEL future 0.001° & 0.001% 

since it scales with final bunch duration →→→→ < 1fs requested

Example: C=100, dI/I<10% ⇒ φ≈0.014° and dV/V ≈ 2.5e-4 
⇒⇒⇒⇒ multi-staged compression , but this adds cost

Amplitude

If E0 << E1 and E0‘<< E1‘ 
6…3.5 ..4

Tolerance ∝ Compression Phase & arrival

Amplitude Phase ArrivalArrivalArrivalArrival

E.g.:10fs, C>>1,R56~0.10m
⇒ φ≈0.005° L-band
⇒ dV/V ≈ 3e-5 
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14Future requirements on XFEL LLRF System

> Careful evaluation of current system limitations

� Phase and amplitude stability

� Vector sum scaling and limitation of calibration techniques

� Analog and digital options and sufficient headroom in terms of resources

� System integration, beam based feedbacks and operation flexibility

⇒ t.b.d. upgrade measures

> … to be prepared for future operation …

� Achieve significant better than original XFEL specs. of 0.01deg/0.01% → 1mdeg/1e-3%

� Increase of macro-pulse repetition rates 10Hz → 25 Hz

� Beam energy stability of ∆E/E ~ 1e-6 at exit of linac

� Qualify Hardware for CW operation
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15Future requirements on XFEL LLRF System

> Careful evaluation of current system limitations

� Phase and amplitude stability

� Vector sum scaling and limitation of calibration techniques

� Analog and digital options and sufficient headroom in terms of resources

� System integration, beam based feedbacks and operation flexibility

⇒ t.b.d. upgrade measures

> … to be prepared for future operation …

� Achieve significant better than original XFEL specs. of 0.01deg/0.01% → 1mdeg/1e-3%

� Increase of macro-pulse repetition rates 10Hz → 25 Hz

� Beam energy stability of ∆E/E ~ 1e-6 at exit of linac

� Qualify Hardware for CW operation

100 kW   IOTFirst investigations of
CW operation with
XFEL modules
at CMTB

Poster
W. Cichalewski
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161st to 2nd generation MTCA.4 modules

> Core modules:

� Down converter 1.3GHz → IF=54Mhz

� SIS8300 10ch, 16bit, 125 MSPS

� Controller V5 based

� Vector modulator, 2 channel

Up-
Conversion 

Section

1st generation

Power 
supply 
chain

Front
end 

Mixer
10 

Chan
nels

10 channel ADCs 
(125Msps, 16-
Bits)
AC, DC Coupled

Vector Modulator  (uVM) LLRF Controller (uTC)

Down Converter (uDWC) Digitizer (uADC)
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171st to 2nd generation MTCA.4 modules

> Core modules:

� Down converter 1.3GHz → IF=54Mhz

� SIS8300 10ch, 16bit, 125 MSPS

� Controller V5 based

� Vector modulator, 2 channel

> Developments DWC:

� Switchable attenuators

� Low return loss at connector

� RF/clocks from RF Backplane

� Licensed to industry 

Up-
Conversion 

Section

1st generation

Power 
supply 
chain

Front
end 

Mixer
10 

Chan
nels

10 channel ADCs 
(125Msps, 16-
Bits)
AC, DC Coupled

Vector Modulator  (uVM) LLRF Controller (uTC)

Down Converter (uDWC) Digitizer (uADC)
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181st to 2nd generation MTCA.4 modules

> Core modules:

� Down converter 1.3GHz → IF=54Mhz

� SIS8300 10ch, 16bit, 125 MSPS

� Controller V5 based

� Vector modulator, 2 channel

> Digitizer ⇒ SIS8300L

� Resource limitation & communication limitation

→ XC6VLX130T-2FFG1156C

→ 6.6 Gbps transfer rate to controller

Up-
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Section

1st generation

Power 
supply 
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10 
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nels
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r 
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in
 System gain w/o notch

1/T ~ 800 kHz

50

Delay time [us]

60kHz

780kHz
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System gain with notch

1/T ~ 3 MHz

191st to 2nd generation MTCA.4 modules

> Core modules:

� Down converter 1.3GHz → IF=54Mhz

� SIS8300 10ch, 16bit, 125 MSPS

� Controller V5 based

� Vector modulator, 2 channel

> Digitizer ⇒ SIS8300L

� Resource limitation & communication limitation

→ XC6VLX130T-2FFG1156C

→ 6.6 Gbps transfer rate to controller

Up-
Conversion 

Section

1st generation

Power 
supply 
chain

Front
end 

Mixer
10 

Chan
nels

10 channel ADCs 
(125Msps, 16-
Bits)
AC, DC Coupled

Vector Modulator  (uVM) LLRF Controller (uTC)

Down Converter (uDWC) Digitizer (uADC)
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201st to 2nd generation MTCA.4 modules

> Core modules:

� Down converter 1.3GHz → IF=54Mhz

� SIS8300 10ch, 16bit, 125 MSPS

� Controller V5 based

� Vector modulator, 2 channel

> Digitizer ⇒ SIS8300L

� Resource limitation & communication limitation

→ improved noise performance

Up-
Conversion 

Section

1st generation

Power 
supply 
chain

Front
end 

Mixer
10 

Chan
nels

10 channel ADCs 
(125Msps, 16-
Bits)
AC, DC Coupled

Vector Modulator  (uVM) LLRF Controller (uTC)

Down Converter (uDWC) Digitizer (uADC)

HW revision through HVF

clean

Narrow band
Poster:  U. Mavric
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211st to 2nd generation MTCA.4 modules

> Core modules:

� Down converter 1.3GHz → IF=54Mhz

� SIS8300 10ch, 16bit, 125 MSPS

� Controller V5 based

� Vector modulator, 2 channel

> LLRF controller => Kintex7 (K355/K420)

� Communication speed (6.6G)/resources(x10)

� Close to be licensed to industry

Up-
Conversion 

Section

1st generation

Power 
supply 
chain

Front
end 

Mixer
10 

Chan
nels

10 channel ADCs 
(125Msps, 16-
Bits)
AC, DC Coupled

Vector Modulator  (uVM) LLRF Controller (uTC)

Down Converter (uDWC) Digitizer (uADC)

New prototype

8xSFP+

8x LLL(10Gbps)
4x PCIe gen 3

4x LLL(10Gbps)

2x GbE/SATA
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221st to 2nd generation MTCA.4 modules

> Core modules:

� Down converter 1.3GHz → IF=54Mhz

� SIS8300 10ch, 16bit, 125 MSPS

� Controller V5 based

� Vector modulator, 2 channel

> Dual channel Up-conversion

� Extended frequency range 

LF (100MHz-2GHz), HF (2GHz-6GHz)

� Improved noise floor (4-5 dB better)

� License to industry Q4/2013

Up-
Conversion 

Section

1st generation

Power 
supply 
chain

Front
end 

Mixer
10 

Chan
nels

10 channel ADCs 
(125Msps, 16-
Bits)
AC, DC Coupled

Vector Modulator  (uVM) LLRF Controller (uTC)

Down Converter (uDWC) Digitizer (uADC)
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23MTCA.4 boost though Helmholtz Validation Fund

• Finance instrument to support the spin-off 
and technology transfer from scientific, 
technical inventions or developments from 
HGF centers to the industry and society

Main objective: Forster industrialization of MTCA.4 to industry
and its application research and science   

HVF0016: “MTCA.4 for Industry”

Stimulus to rapidly overcome initial barriers of a new 
electronic crate standard…
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Helmholtz validation-fond  (HVF)

• Starting point : Nov. 2011 release of MTCA.4 standa rd by PICMG
PICMG = PCI Industrial Computer Manufacturing Group(http://www.picmg.org)

• July 2012 project start with industrial consortium with 3.9M €

50%

30% 20%

New partners:

Negotiation
Phase:

24
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Helmholtz validation-fond  (HVF)

AP1.1 Revision of existing modules
AP 1.1.1 Field Detection (uDWC)
AP 1.1.2 Controller (uTC)
AP 1.1.3 RF driver unit (uVM)
AP 1.1.4 Local RF-Generation (uLOG)

AP1.2 Cost opt. for Single Cavities Applications
AP 1.2.1 Field detector with RF driver  (uDWC-VM)
AP 1.2.2 High-end Digitizer (DAQ-LNC)

AP1.3 Extending Portfolio in Frequency
AP 1.3.1 Field detector with RF driver (uVM, 0.35-6GHz)
AP 1.3.2 Local RF-Generation (uLOG, 0.35-6GHz)
AP 1.3.3 RTM with local clock circuit (uCLK-RTM, 10–350MHz)
AP 1.3.4 Global clock generation (uCLK-eRTM, 10-350MHz)
AP 2.2.8 Backplane Development for 10 Gbit/sec Transfer Speed

AP1.4  Supplementary systems for RF control
AP 1.4.1 Multi-channel Direct RF-sampling (uDS800)
AP 1.4.2 AMC carrier with motor/RTM with Piezo driver (uFMC20)

AP1.5  Introduction of RTM-RF Backplane
AP 1.5.1 Development of RTM-RF Backplane concept
AP 1.5.2 Crate integrated RF source (uOSC_eRTM)

AP1: RF control system in MTCA.4

Due to modularity 
only moderate effort 
required to develop 
RF controls for

- 1/2/4/.. Cavities
- NRF/SRF
- 10-6000 MHz
- valuable add on’s

K. Czuba

Poster:  M. Hoffmann

Talk:  K. Czuba

Talk:  S. Habib

Poster:  Konrad

25
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First test of DWC8VM1 at REGAE@3.0GHz:

First test with RF intra-pulse FB

~ 50-60 fs rms

~ 25 fs rms

5us

Poster:  M. Hoffmann

26
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Supplementary modules for LLRF (AP1.4)

> Modules for RF controls

� Components: Supplementary Modules (AP1.4)

DAMC-DS800

AP1.4.1: uDS800
Prototype in Test
8 x 800MSPS, 12 bit.

direct RF Sampling 
Up to 2.7 GHz

Very large
Application spectrum

Several requests
ITER/Frankreich
INFN/Italien
KIT/Deutschland
Uni. of Hawaii

Application
examples:

Klystron
life-time
Management

High-Order Mode
measurements
(1.3/1.7/2.4GHz)

Femtosecond
Fiberoptic
Synchronisation

Analoge RTMs

27
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28Supplementary modules for LLRF 
– Fully integrated control for SRF cavities –

Similar system
used for fs-laser
synchronization
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Helmholtz validation-fond  (HVF)

Further supporting working packages
EMI Optimization und Classification of MTCA.4 compo nents

AP 2.2.1 EMI Test Boards
AP 2.2.2 EMI Current and Noise Distribution within MTCA.4 Systems
AP 2.2.3 Optimizing of MTCA.4 Crate-contacts and grounding 
AP 2.2.4 Manufacturing of AMC and RTM Shielding
AP 2.2.5 Development of EMI Bypass-Concept
AP 2.2.6 Minimizing der Vibration for Precision High Frequency References
AP 2.2.7 EMI Classification of AMC/RTM Modules
AP 2.2.8 Backplane Development for 10 Gbit/sec Transfer Speed

Module Management Controller / ZONE3 recommendation s 

Support,

consulting 

& annual workshop

Eth

J
T

A
G

Vcc +3V3

Vcc +2V5

Rev. 0/1

FPGA

MMC

MMC 1/2

CPLD1/2

User GPIO

RTM

MP +3V3

PP +12V

E-Keying

VADC

SW1

SW2

EK1   EK2   EK3   EK4

0        1        2        3

4        5        6        7

1        2        3        4

MMC Starter Kit

Pin assignment

MTCA Tutorial

MTCA.4
for

Dummies

IPAC 2013 ShanghaiEmbeddedworld 2013 NürnbergBook to be published

29
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30Thanks for attention

URL  http://mtca.desy.de/

Next workshop date: 
11/12 Dec. 2013

Tutorial on 10. Dec


